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Soest 2007; Maldonado et al. 1999) . Results of molecular systematics studies have generated dramatic changes in poriferan systematics , Gazave et al. 2012 , Redmond et al. 2013 , Morrow and Cárdenas 2015 . They have also provided us with a better understanding of sponge speciation and radiation (e.g., Blanquer and Uriz 2007, Reveillaud et al. 2010) , and new tools forpecies delimitation (e.g., the Sponge Barcoding Project, www.spongebarcoding.org, Wörheide and Erpenbeck 2007) .
A fundamental prerequisite for robust molecular evolutionary analyses is the use of taxonomically reliable DNA templates. Misidentified specimens skew every phylogenetic hypothesis independent of the algorithm and their mislabelled genomic traces can persist in public genetic repositories such as National Center for Biotechnology (NCBI) Genbank or European Nucleotide Archive (ENA) for a considerable time (Erpenbeck et al. 2015) . The optimal taxonomic reference material for evolutionary analyses is therefore type material, particularly the holotype, which is usually consulted in morphological taxonomy or systematics, but rarely examined in sponge molecular studies (Erpenbeck et al. 2015) . Although type material sequencing in molecular systematics is steadily increasing (Federhen 2015) , usage is hampered by low DNA quality due to age and means of preservation. DNA in the postmortem cell is subject to deterioration by oxidative and hydrolytic damage, DNA crosslinks, and nucleases that lead to fragmentation, inhibition of enzymatic reactions, and deamination-triggered sequence modifications (Hofreiter et al. 2001 , Rizzi et al. 2012 ). Among these, fragmentation of DNA into pieces shorter than the envisaged marker is probably the primary obstacle for holotype amplification with standard markers, but should not hinder a molecular taxonomic comparison. Short DNA markers, so-called minimalist DNA barcodes (Hajibabaei et al. 2006) , can facilitate genotype comparison with degenerated type material using the Sanger sequencing methods if other methods for full-length amplification fail. Such minimalist DNA regions, which are sufficiently short for amplification from fragmented DNA templates but sufficiently variable for taxonomic distinction, are sequenced and analyzed (Cárdenas and Moore 2017) .
African sponges, particularly freshwater sponges, are largely understudied, compared to sponges in most other geographical regions (Van Soest et al. 2012) despite taxon richness and potential ecological importance exceeding other sessile freshwater filter feeders (Manconi and Pronzato 2007) . Recent revisions conclude that species richness and geographic distribution of African freshwater sponges is underestimated Pronzato 2008, 2009) . Freshwater sponges constitute a monophyletic group (Order Spongillida) within the demosponges, however their evolutionary history is unclear, particularly during their radiation into either local endemics or widespread cosmopolitan species. Freshwater sponges of at least 58 species of 17 genera and four families are described from Central and Eastern Africa (Manconi and Pronzato 2009 ), but the diversity may be underestimated, as evident from analyses on other African freshwater invertebrates (e.g., Genner et al. 2007 ). New research campaigns in the Afrotropics continuously lead to new discoveries and descriptions of new species Pronzato 2017) . On the other hand, of a total of 58 species reported by Manconi and Pronzato (2009) , 25 were recorded only one time as a type specimen from their type locality. Furthermore, some species are represented only in the literature and vouchers are not accessible for reinvestigation. Therefore, to date no comprehensive phylogeny for freshwater sponges has been published that could corroborate the currently morphology-based classification of freshwater sponges due to the lack of reliable material.
The Royal Museum of Central Africa (MRAC, Tervuren, Belgium) hosts one of the most important collections of (Central) African freshwater sponges and their type material, ranging from collection years 1913 to the 1970s (e.g., Brien 1973 ). In the current study we assessed the utility and potential of minimalist DNA barcodes for understanding freshwater sponge diversity. Specifically, we genotyped African type material of MRAC and other freshwater sponge specimens with specific markers for degenerated tissue, and compared the results with the current, morphology-based classification.
Material and Methods
Preserved specimen material from Africa has been provided by the Royal Museum of Central Africa (Tervuren, Belgium), the Naturalis Biodiversity Center (Leiden, the Netherlands) and the Università degli Studi di Genova (Italy). Additional museum specimens were provided by the Bavarian State Collection of Zoology 14 Spongillida indet. were included in this study (see Table 1 for a complete specimen list).
DNA was extracted using the QiAmp Mini-Kit (Qiagen) following the manufacturer's protocol and alternatively by Phenol-Chloroform CTAB Technique (Aldrich and Cullis 1993), which are more suitable for long-preserved tissue than standard medium throughput methods (Vargas et al. 2012) . The standard barcoding marker for demosponges (C-Region 28S rDNA and the "Folmer" partition of the CO1 mtDNA (Folmer et al. 1994 ) bear insufficient systematicresolution for freshwater sponges (see e.g., Erpenbeck et al. 2011) ; however, the Internal Transcribed Spacers (ITS) of the nuclear rDNA cistron has repeatedly shown to provide the highest specieslevel resolution for Spongillida (e.g., Itskovich et al. 2013b Itskovich et al. , 2015 with negligible amounts of intragenomic variability (Itskovich et al. 2017) .
In a first step, amplification of the complete ITS region (i.e., ITS1 -5.8S rDNA -ITS2) was attempted for all specimens using the primer ITS-RA2-fwd (5'-GTC CCT GCC CTT TGT ACA CA-3') in combination with ITS2.2-rvse (5'-CCT GGT TAG TTT CTT TTC CTC CGC-3') as published in Wörheide (1998) GoTaq® DNA polymerase (5u/μl) (Promega Corp, Madison, WI) and 2 µL DNA template. The PCR regime comprised an initial denaturation phase of 94° C for 3 min followed by 35 cycles of 30 s denaturation at 94° C, 20 s annealing (45°C for the complete fragment; 52° C for 18S-ITS1; 55° C for ITS2-28S) followed by 60 s elongation at 72° C each and a final elongation at 72° C for 5 min. PCR products were purified with a Freeze-Squeeze Method (Thuring et al. 1975) 
Results and Discussion
For specimens of the "historic" sponge material (here defined as museum material collected before 1970), no complete ITS regions could be retrieved, independent of the preservation method, probably due to fragmentation of the DNA into pieces shorter than the marker length (ca. 500 bp). In turn, the minimalist barcodes 5.8S-ITS2 and ITS2-28S could be amplified for 32 out of 59 historic specimens, independent from their age or preservation method (see Fig. 2 ). DNA of freshly collected specimens was The ITS2-28S minimalist barcodes are distinct for all species included in the data set, while lubomirskiid sequences published in NCBI Genbank as different species shared identical 5.8S-ITS2 minimalist barcoding regions (see Fig. 2 ). The underlying discrepancies in intra-lubomorskiid classification were noted earlier and already prompted for a revision of this family (e.g., Itskovich et al. 2015) .
The sequences fell into distinct sequence signatures, mostly representing wellsupported monophyletic groups (see Fig. 2 ). Support for deeper nodes is lacking, likely due to the high variability of the ITS fragments, which prevent unambiguous alignment among of all sequences. Nevertheless, the primary aim of minimalist barcodes in our approach is not the reconstruction of a phylogeny but the unambiguous classification of relevant (e.g., type) and challenging (e.g., historic) material to a taxon or lineage.
We recover the following pattern relevant for African Spongillida classification:
The Spongillidae Gray, 1867 are a cosmopolitan family of (almost) entirely gemmular propagule-forming taxa. Spongillidae is the most specious (over 150 species on a total of ca. 240) and oldest, still valid, taxon erected from which all subsequent families were derived; Lubomirskiidae Globulospongillinae by Brien (1973) to accommodate gemmule-lacking ancient lake taxa before it was promoted to family level (Racek 1974 ) and (after declaration as nomen nudum) renamed to Malawispongiidae (Manconi and Pronzato 2002 corroborating earlier, independent findings with CO1 (Meixner et al. 2007 ). In the same publication, specimens identified as Pachydictyum globosum were found as distantly related to Ochridaspongia (Meixner et al. 2007 ). However, these results await verification by additional, independent data, preferably from type material. Likewise, ITS of specimens published as Cortispongilla barroisi have been found identical to Ephydatia fluviatilis (Itskovich et al. 2013b , sequences also incorporated in Fig. 2 The evidence of being all inhabitants of ancient lakes could be considered the common driver of a morphofunctional adaptive trend involving the morphological and anatomical traits. Malawispongiid characters, such as spiny monoaxial megascleres, lack of microscleres and/or gemmules, are common among freshwater sponges and shared with the only other endemic ancient lake family the Baikalian Lubomirskiidae, which are well studied at morphological and molecular level.
Potamolepidae Brien, 1967 have an Afrotropical, Neotropical, Australian, Oriental and Nearctic distribution (Manconi and Pronzato 2002 , Manconi et al. 2012 , Copeland et al. 2015 .. Our present study comprises sequences of all Afrotropical genera (Echinospongilla Manconi & Pronzato, 2002 , Oncosclera Volkmer-Ribeiro, 1970 , Potamolepis Marshall, 1883 , Potamophloios Brien, 1970 . The taxa fall into two distinct clades (Fig. 2) , with yet unresolved relationship to each other, however, not rejecting potamolepid monophyly: 1) A clade with members of Potamolepis, i.e., P. marshalli Burton, 1938 (MRAC144, holotype), and P. pechueli Marshall, 1883 (MRAC195) . 2) A second clade comprising representatives of all remaining (Afrotropical) potamolepid genera with a supported sequece signature. We recover the type specimens of Potamophloios songoloensis Brien, 1969 and Potamophloios hispida Brien, 1969 in a clade together with a a Genbankpublished Echinospongilla brichardi (Brien, 1974) and three not further determined Oncosclera and Potamolepis sp. supporting their close relationship in this family (Manconi and Pronzato 2002) . Spinospongilla polli Brien, 1974 currently classified into Malawispongiidae, is a further species falling into Potamolepidae (see Fig. 2 freshwater sponge species, which are for a considerable part based on monotypic genera and single specimen species and simultaneously massively understudied, the minimalist barcodes provide an valuable marker for the assessment of biodiversity and verification of the classification.
